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Abstract: This research aimed to study the effect of pectin and xanthan gum on the Monascus pigment
turbidity, DPPH radical scavenging ability, pH and sensory evaluation of Monascus-pigment extract
beverage (MPEB). The pectin and xanthan gum contents used in the beverage were 0.50 — 0.70 % w/v
and 0.01 — 0.03 % wi/v, respectively. The results showed that the addition of 0.60 % w/v of pectin in
MPEB showed the highest values of the turbidity of Monascus pigment (ODeggo = 2.59), DPPH radical
scavenging ability (45.68 %) and sensory evaluation (>8 of all attributes)).

Keywords: Pectin; Xanthan gum; Monascus-pigment extract beverage

1. Introduction

Presently, functional foods are highly
popular products on the market such as
baby foods, baked goods and cereals, dairy
foods, confectionery, snacks, meat
products, spreads, and beverages [1]. In
particular, the advantages of functional
beverages are the following: (1) a lot of
bioactive compounds; (2) convenience and
possibility to meet consumers’ demands
for container contents, sizes, shapes, and
appearances; (3) ease of distribution and
better storage for refrigerated and shelf-
stable products [2]. There are beverages
produced from herbs and fruit pulps
indicating highly potential antioxidant
activities. For examples, Awe et al. [3]
documented the antioxidant benefits of a
novel functional beverage obtained from
Hibiscus sabdariffa extract (HSE), cocoa
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and ginger since HSE extracts contain the
high amounts of protein and other nutrients
required for good health [4]. Moreover, Lu
et al. [5] suggested that a durian pulp drink
obtained from a combination of
fermentation of Bifidobacterium animalis
subsp. lactis or Lactobacillus casei and
yeast Williopsis saturnus could be a novel
non-dairy durian-based functional
beverage to deliver probiotics. To date,
Monascus-pigment extract from monascal
rice has never been used as a functional
drink. Thus, the research of a Monascus-
pigment extract beverage (MPEB) is
interesting; this beverage is expected to be
an alternative drink to lower cholesterol in
blood and a novel anti-oxidative drink.

Monascus pigment is comprised of many
kinds of cholesterol-lowering statins and
pigments produced by Monascus sp. This
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pigment is used as a medicine to the potent
cholesterol-lowering,  antiatherosclerotic
drug lovastatin, a 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitor [6]. Monascus red
pigment, obtained from Monascus
fermentation is interesting as indicated by
high antioxidant activities from in vitro
experiments, such as inhibition of
peroxidation, reducing power, scavenging
ability on DPPH radicals and chelating
ability on Fe?* as well as used in food as a
coloring agent in fish and meat [7, 8, 9,
10].

Commonly, the destabilizing problems of
beverages are the coalescence and the
sedimentation of food particles or
bioactive compounds which are causes of
unacceptable consumer [11]. The pigments
are well known as low water solubility
[12]. From this standpoint, the expected
drawbacks found in MPEB are the
phenomena of the coalescence and the
sedimentation  of  water  insoluble
compositions around neck of beverage
bottle. There are the researches applying
the hydrocolloids, such as xanthan gum
and pectin, to solve the dispersion in many
products. Zecher and Van Coillie [13]
reported that the contents of xanthan gums
in the range of 0.001 — 0.5 % were used in
drinks made with citrus and in fruit-
flavored drinks to create a satisfactory
texture and as a stabilizer for odor and
flavor. Xanthan gum improved the
insoluble components suspended in the
sample at low pH, which the components
would be dissolved quickly and
completely. Lucey et al. [14] also
mentioned that whey separation was
significantly decreased by increased pectin
concentration. Therefore, the effects of
pectin and xanthan gum might be expected
to occur as the functional properties on the
stability of MPEB.

The aims of this work were to evaluate the
turbidity, DPPH radical scavenging ability,
pH, and sensory evaluation of MPEB
formulated by pectin and xanthan gum.

2. Matherials and methods

2.1 Chemicals
2,2-diphenyl-1-picrylhy-drazyl (DPPH)
and ethanol were analytical reagent grade
and obtained from Sigma—Aldrich (St.
Louis, MO). Pectin and xanthan gum were
of food grade and purchased from Daejung
(Shiheung, South Korea).

2.2 Monascal rice preparation

About 100 g of rice seeds (Oryza sativa)
and 10 mL of distilled water were
transferred into a 500 mL flask. The
mixture was sterilized by an autoclave at
121 °C for 15 min and then left until cool
down. A 5 mL of 10° spores/mL spore
suspension of M. purpureus TISTR 3090
obtained from actively growing slants in
sterile water was inoculated into sterilized
waxy corn and incubated at 25 °C for 12
days [9]. Then, the product was dried in an
oven at 40 °C for 24 h and its moisture
content was 7.12 + 1.22 %. A fine powder
(20 mesh) was obtained using a mill
(Retsch ultracentrifugal mill and sieving
machine, Haan, Germany).

2.3 Preparation of Monascus extract
from angkak

The extraction method described by Yang
et al. [7] was used with some
modifications. A 10 g sample was
extracted in a shaker with 100 mL of
ethanol at 170 rpm for 24 h and the
solution was filtered through Whatman
no.4 filter paper. The residue was then
extracted with two additional 100 mL
portions of ethanol as described above.
The combined ethanolic extracts were then
evaporated at 40°C to dryness. The dried
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extract was kept in -20°C until used for
Monascus-extract beverage preparation.

2.4 Monascus-extract beverage
preparation (MPEB)

The Monascus extract was diluted with
drinking water at a ratio of 0.5 : 100 (w/v).
Then, the contents of pectin ( 0.50, 0.60
and 0.70 % w/v) and xanthan gum (0.01,
0.02 and 0.03 % w/v) were added in the
mixtures and mixed for 5 min using a
mixer. MPEBs containing both pectin and
xanthan gum were pasteurized at 60 °C for
20 min., whereas pectin and xanthan gum
were not added to the control sample.
MPEBs added with pectin and xanthan
gum after pasteurization were then poured
and packed in polypropylene bottles, and
they were kept in 4°C until the analysis.

2.5 Turbidity

The turbidity of MPEB was determined in
duplicate by diluting each emulsion in
deionized water (1:1000) and measuring
the absorbance at 660 nm against distilled
water using a spectrophotometer (UV
2100, Unico, England) [15].

2.6 pH measurements

The pH of the samples was measured by
using a pH meter (Thermo Orion model
420, USA). The measurement was carried
out in triplicate [16].

2.7 DPPH Free Radical Scavenging
Assay

The DPPH free-radical scavenging activity
was determined by the method described
by Kraboun et al. [9] Two hundred and
fifty microliters of the beverages in ethanol
solution (5 mg/mL) was added to 250 pL
of 5.07 x 10* M DPPH ethanol solution.
The reaction mixture was incubated in the
dark at room temperature; the absorbance
was measured at 517 nm after 15 min. The
absorbance of a blank sample containing

the same amount of solvent was also
measured. DPPH radical scavenging
activity was calculated by using the
following equation:

Scavenging activity (%) =

Abs blank — Abs sample x 100%
Abs blank

2.8 Sensory evaluation

Twenty-six males and forty-four females
of undergraduates from the Division of
Food Safety Management and Technology,
between the ages of 18 and 24, were panel
participants. The samples were coded with
three digits and panelists were instructed to
evaluate the appearance, odor, texture,
flavor and overall score using a nine-point
hedonic scale ranging from "l=extremely
dislike™ to "9 =extremely like™ according to
the method of Sudha et al. [17].

2.9 Statistical analysis

All determinations were performed in
triplicate and results were expressed as the
mean + standard deviation calculated using
spreadsheet software Microsoft Excel. This
was carried out in a completely
randomized design (CRD) which the data
were analyzed by an analysis of variance
(p<0.05) and means were compared with
Duncan’s multiple range test. The results
were processed by SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA) for Windows.

3. Results and discussion

3.1 Turbidity and pH of Monascus-
pigment extract beverage (MPEB)
Turbidity is an expression of the optical
property that causes light to be scattered
and absorbed rather than transmitted with
no change in direction or flux level
through the sample. For turbidity analysis
for a cloudy beverage, the beverage should
have high turbidities due to indicating the
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stability of beverage or absence of ringing
resulting from raised flocculation and
coalescence of water insoluble
compositions around the neck of the
beverage bottle [18]. According to Figure
1, the results showed that the turbidity of
MPEBs increased with percentage of
pectin which MPEB supplemented with
0.60 % w/v of pectin gave the highest
turbidity (ODeso = 2.59). However,
increasing percentages of xanthan gum
affected decreased turbidity of the
beverages. This is in agreement with
Mirhosseini et al. [19], who reported that
the addition of pectin to the orange
beverages affected more physical stability
and cloudiness than those added with other
hydrocolloids. Buffo et al. [20]
demonstrated the balance of Van der
Waals, electrostatic and polymeric sterics
as the main droplet interactions playing a
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key role in the stability of beverage. This
aggregation phenomenon of the water
insoluble pigments of Monascus may be
due to the change in refractive index of the
pigment phase and aqueous phase.
Therefore, addition of a high content of
pectin is needed in the formulation in order
to reduce ring formation phenomenon [21].
The changes of pH in MPEBS are shown in
Figure 1 and were significant difference
(0<0.05), which were in the range of 3.92
— 5.43. The addition of xanthan gum
contributed to higher pH values of MPEBs
than that of pectin. This is agreement with
Rothschild and Karsenty [22], who studied
the low turbidity of pasteurized beverages
during storage. It indicated that the loss of
turbidity during storage was from a high
acidity condition. Hence, this factor would
be resolved by storing the products in near-
neutral pH.
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Fig. 1 Turbidity and pH of MPEB added with various concentrations of pectin and xanthan gum

3.2 DPPH free-radical scavenging ability
of Monascus-pigment extract beverage
(MPEB)
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The DPPH free-radical scavenging ability
of MPEB is shown in Figure 2. There were
a relationship between DPPH free-radical
scavenging ability and turbidity of MPEBs
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(Figure 1 and 2). As pectin results, the
higher 0.60 % w/v of pectin indicated
decreased DPPH free-radical scavenging
ability; however, increasing the contents of
xanthan gum affected decreasing DPPH
free-radical scavenging ability. It might be
possible that the better dispersion of the
pigment in MPEB added with 0.60 % w/v
of pectin led to the better dispersion of
monacolin K and/or other antioxidants
(phenolic compounds) throughout within
the bottle, which this cause affected the
good detection for DPPH free-radical
scavenging ability. Moreover, the addition
of high pectin contents in MPEB (0.60 %
w/v) increased the antioxidant activity by
the nonpectins (phenols and proteins)
obtained from pectin extraction [23].
Therefore, investigating the capacity might
be from antioxidant crude pectic
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polysaccharides from plant cell wall matrix
(i.e., bioaccessibility). Raw polysaccharide
extracts have been shown to possess the
higher antioxidant activity than purified
extracts [24]. These results agree with
those of Wang and Lu [25], who found that
the pectin has been shown to exhibit higher
anti-DPPH activities (greater than 50%) at
a concentration of 1 mg/mL. Pectin
fractions showed to inhibit Xanthine
Oxidase (XO) and scavenge Reactive
oxygen species (ROS). Inhibition of XO
may be mediated by pectic polysaccharide
chains, whereas protein and phenolic
contaminants were suggested to provide
the scavenging of ROS. These data
demonstrated each constituent of pectin
fractions to  be  important  for
implementation of antioxidant effect in the
gastrointestinal milieu.

18.03
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T T I
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Xanthan gum (% w/v) Control (no
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hydrocolloid)

Fig. 2 DPPH free radical scavenging ability of MPEBs added with various concentrations of pecin and
xanthan gum

3.3 Sensory evaluation of Monascus-
pigment extract beverage (MPEB)

The results of a sensory evaluation using
the 9-point hedonic scale are shown in
Table 1. The results of sensory testing for

appearance, color, taste, odor and overall
acceptability showed significant difference
(p<0.05) between MPEBs containing
pectin and xanthan gum. Therefore, the
types of stabilizer affected these sensory
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parameters. The sensory quality of MPEB
added with pectin at 0.60 % w/v reached
the highest scores of all attributes.
Whereas, the scores of all attributes
decreased when concentration of xanthan

gum increased. This is in agreement with
Enriquez and Flick [26] affirmations, who
reported that pectin was used as an odor
and flavor stabilizer in the drinks because
it provides good texture and odor.

Table 1
Sensory evaluation of Monascus-pigment extract beverage (MPEB) added with various concentrations of
pectin and xanthan gum

Attribute
Hydrocolloid g/c())nvc\:;\rll)tratlon Appearance Color Odor Taste Sc\(/:eerpeicla:bility
0.50 5.67+1.47° 5.83+1.20¢ 6.3311.60° 6.87+1.63° 5.57£1.67°
Pectin 0.60 8.57+1.65¢ 8.70+1.57¢ 8.70+0.91° 8.97+1.18' 8.83+1.08¢
0.70 4.50%1.07° 5.07+1.38° 5.87+0.97¢ 6.8342.05° 5.17+1.45°
0.01 5.50£1.77¢ 5.17+1.55° 5.27+2.16° 5.40%1.52¢ 5.13+1.22°
Xanthangum  0.02 4.77+1.30° 4.23+1.732 4.43+0.93° 4.57£1.61°¢ 5.14+.79°
0.03 4.67£1.07° 4.13£1.35° 4.07+£1.41° 4.10+1.71° 5.10%1.44°
Control
(no addition of - 4.10£1.39? 4.03£1.742 4.02+1.27° 3.47+1.85% 3.93£1.632

hydrocolloid)

Different letters indicate significant differences in treatment means from three determinations (p<0.05).

4. Conclusion

The MPEB supplemented with 0.60 % wi/v
of pectin gave the highest turbidity, DPPH
free-radical scavenging ability and sensory
attributes. However, the changes of pH in
all MPEB formulae were significantly
different (p<0.05), which were in the range
of 3.92 — 5.43. Therefore, the use of pectin
and xanthan gum could play an important
role in the dispersion of Monascus pigment
in the beverage product.

5. Acknowledgements

This work was funded by Rajamangala
University of Technology Krungthep.
Moreover, the authors would like to thank
all staffs of the faculty for maintenance
and operation of the scientific laboratory
and equipment.

6. References

[1] OFORI, JA. & HSIEH, Y.H.P. Novel
technologies for the production of functional foods.
In BAGCHI, D. - BAGCHI, M. - MORIYAMA, H.
& SHAHIDI, F. (Eds.). Bio-nanotechnology: a
revolution in food, biomedical and health sciences

(pp. 143-62). New York : John Wiley and Sons,
(2013).

[2] KAUSAR, H., SAEED, S., AHMAD, M.M. &
SALAM, A. Studies on the development and
storage stability of cucumber-melon functional
drink. Journal of Agricultural Research, 50: 239-
248, (2012).

[3] AWE, F.B., FAGBEMI, T.N., IFESAN, B.O.T.
& BADEJO, A A. Antioxidant properties of cold
and hot water extracts of cocoa, Hibiscus flower
extract, and ginger beverage blends. Food Research
International, 52: 490-495, (2013).

[4] ADANLAWO, I.G. & AJIBADE, V.A
Nutritive value of the two varieties of roselle
(Hibiscus sabdariffa) calyces soaked with wood
ash. Pakistan Journal of Nutrition, 5: 555-557,
(2006).

[5] LU, Y., PUTRA, S.D. & LIU, S.Q. A novel
non-dairy beverage from durian pulp fermented
with selected probiotics and yeast. International
Journal of Food Microbiology, 265: 1-8, (2018).

[6] PANDA, B.P., JAVED, S. & ALI, M.
Optimization of fermentation parameters for higher
lovastatin production in red mold rice through co-
culture of Monascus purpureus and Monascus
ruber. Food and Bioprocess Technology, 3: 373-
378, (2010).

[7]1 YANG, J.H., TSENG, Y.H., LEE, Y.L. &
MAU, J.L. Antioxidant properties of methanolic

Kitisart KRABOUN, Kamonwan ROJSUNTORNKITTI, Teeraporn KONGBANGKERD, Mayura
THONGCHUANG, Putkrong PHANUMONG, Effect of xanthan gum and pectin on stabilization and antioxidant activity
of monascus-pigment extract beverage, Food and Environment Safety, VVolume XIX, Issue 3 — 2020, pag. 192 - 198



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XIX, Issue 3 — 2020

extracts from monascal rice. LWT-Food Science
and Technology, 39: 740-747, (2006).

[8] KONGBANGKERD, T., TOCHAMPA, W,
CHATDAMRONG, W. & KRABOUN, K.
Enhancement of antioxidant activity of monascal
waxy corn by a 2-step fermentation. International
Journal of Food Science and Technology, 49: 1707-
1714, (2014).

[9] KRABOUN, K., TOCHAMPA, W,
CHATDAMRONG, W. & KONGBANGKERD, T.
Effect of monosodium glutamate and peptone on
antioxidant activity of monascal waxy corn.
International Food Research Journal, 20: 623-631,
(2013).

[10] KRABOUN, K. PHANUMONG, P,
TOCHAMPA, W., JITTREPOTCH, N.,
ROJSUNTORNKITTI, K., CHATDAMRONG, W.
& KONGBANGKERD, T. Impact of in vitro
digestion phases on antioxidant properties of
monascal waxy corn from 2-step fermentation.
Journal of Microbiology, Biotechnology and Food
Sciences, 7: 454-456, (2018).

[11] PIORKOWSKI, D.T. & MCCLEMENTS, D.J.
Beverage emulsions: Recent developments in
formulation, production, and applications. Food

Hydrocolloids, 42: 5-41, (2014).

[12] DUFOSSE, L., GALAUP, P., YARON, A,
ARAD S.M., BLANC, P., MURTHY, K.N.C. &
RAVISHANKAR, G.A. Microorganisms
microalgae as sources of pigments for food use: a
scientific oddity or an industrial reality?. Trends in
Food Science and Technology, 16: 389-406,
(2005).

[13] ZECHER, D. & VAN COILLIE, R. Cellulose
derivatives. In IMESON, A. (ed.). Thickening and
gelling agents for food (pp. 40-65). London :
Blackie Academic and Professional, (1992).

[14] LUCEY, J.A., TAMEHANA, M., SINGH, H.
& MUNRO, P.A. Stability of model acid milk
beverage: effect of pectin concentration, storage
temperature and milk heat treatment. Journal of

Texture Studies, 30: 305-318. (1999).

[15] GHARIBZAHEDI, S.M.T., MOUSAVI, S.M,,
KHODAIYAN, F. & HAMEDI, M. Optimization
and characterization of walnut beverage emulsions
in relation to their composition and structure.
International Journal of Biological
Macromolecules, 50: 376-384, (2012).

[16] ZHANG, X., KONG, B. & XIONG, Y.L.
Production of cured meat color in nitrite-free
Harbin red sausage by Lactobacillus fermentum
fermentation. Meat Science, 77: 593-598, (2007).
[17] SUDHA, M.L., BASKARAN, V. &
LEELAVATHI, K. Apple pomace as a source of

dietary fiber and polyphenols and its effect on the
rheological characteristics and cake making. Food
Chemistry, 104: 686-692, (2007).

[18] HERNANDEZ, E., BAKER, RA. &
CRANDALL, P.C. Model for evaluating turbidity
in cloudy beverages. Journal of Food Science, 56,
747-750, (1991).

[19] MIRHOSSEINI, H., TAN, CP. &
TAHERIAN, A.R. Effect of glycerol and vegetable
oil on physicochemical properties of arabic gum-
based beverage emulsion. European Food Research
and Technology, 228: 19-28, (2008).

[20] BUFFO, R., REINECCIUS, G. & OEHLERT,
G. Factors affecting the emulsifying and
rheological properties of gum acacia in beverage
emulsions. Food Hydrocolloids, 15: 53-66, (2001).
[21] NASRABADI, M.N.,, GOLI, SAH &
NASIRPOUR, A. Stability assessment of
conjugated linoleic acid (CLA) oil-in-water
beverage emulsion formulated with acacia and
xanthan gums. Food Chemistry, 199: 258-264,
(2016).

[22] ROTHSCHILD, G. & KARSENTY, A. Cloud
loss during storage of pasteurized citrus juices and
concentrates. Journal of Food Science, 39: 1037-
1041, (1974).

[23] KOSTALOVA, Z., HROMADKOVA, Z.,
EBRINGEROVA, A, POLOVKA, M.,
MICHAELSEN, TE. & PAULSEN, B.S.
Polysaccharides from the Styrian oil-pumpkin with
antioxidant and complement—fixing activity.
Industrial Crops and Products, 41: 127-133,
(2013).

[24] WIKIERA, A., MIKA, M., STARZYNSKA-
JANISZEWSKA, A. & STODOLAK, B.
Application of Celluclast 1.5L in apple pectin
extraction. Carbohydrate Polymers, 134: 251-257,
(2015).

[25] WANG, X. & LU, X. Characterization of
pectic polysaccharides extracted from apple
pomace by hot-compressed water. Carbohydrate
Polymers, 102, 174-184, (2014).

[26] ENRIQUEZ, L.G. & FLICK, G.J. Marine
colloids. In CHARALAMBOUS, G. &
DOXASTAKIS, G. Food emulsifiers: chemistry,
technology, functional properties and applications.
Amsterdum : Elsevier Science Publishing Company
Inc, (1989).

Kitisart KRABOUN, Kamonwan ROJSUNTORNKITTI, Teeraporn KONGBANGKERD, Mayura
THONGCHUANG, Putkrong PHANUMONG, Effect of xanthan gum and pectin on stabilization and antioxidant activity
of monascus-pigment extract beverage, Food and Environment Safety, Volume XIX, Issue 3 — 2020, pag. 192 - 198



	1. Introduction

